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ABSTRACT
This paper described re-flight flight testing results of the miniature water propulsion system combined an ion
thruster and resistojet thrusters which is to be demonstrated on-orbit by JAXA’s program named Innovative Satellite
Technology Demonstration-3. The unified propulsion system has a huge potential to expand micro/nano-spacecraft
utilization and decrease the risk of debris.
INTRODUCTION

As mentioned above, the requirements for in-orbit
propulsion vary from application to application, and it
is difficult for small satellites with severe volume and
mass constraints to compensate for these requirements
with a single type of propulsion system. To solve these
problems, a propulsion system with both high thrust
and high specific impulse characteristics is needed that
has the volume, mass, and power to be installed in a
small satellite.

Private companies are building constellations of
small
satellites
for
earth
observation
and
communications, and the number of small satellite
launches is expected to reach more than 80,000 in the
future. However, the business potential of small
satellite constellations has not yet been fully verified.
One of the bottlenecks is the small propulsion system
required for the initial phasing and orbit correction of
each satellite. Since the initial phasing is directly
related to the time until service-in, a propulsion system
with high thrust is required to complete it in as short a
time as possible. On the other hand, for orbit correction,
specific impulse is a more important index for a
propulsor than thrust because it requires a small orbit
change capability and high structural efficiency.

On the other hand, from the viewpoint of propellants,
water is one of the most attractive propellants in terms
of safety, ease of handling, and economic efficiency1).
The most common propellants used in the past are
hydrazine and its alternatives such as ADN and HAN in
chemical propulsion, and the high-pressure gas xenon
in electric propulsion. Compared to these propellants,
water has a slightly lower expected propulsive
performance in both chemical and electric propulsion,
but it has the advantages of a propellant supply system
that does not use high-pressure gas, a high structural
mass ratio, and reduced handling costs due to its nontoxic properties.

Furthermore, satellites to be injected into low earth
orbit are required to be dropped within 25 years after
the end of their operations in accordance with the
guidelines of the International Space Debris
Coordination Committee from the viewpoint of orbit
protection to prevent the increase of space debris. In the
ISS (International Space Station) orbit at an altitude of
400 km, a certain degree of air resistance can be
expected, so that the satellite can be dropped passively
within 25 years without a propulsion system. However,
at an altitude of about 600 km, the effect of air
resistance becomes very small, making it difficult to
passively drop the spacecraft within 25 years, and a
propulsion system for de-orbit becomes indispensable.
The requirements for such a propulsor vary widely
depending on the satellite mission, as high thrust is
required when the time required for de-orbit is short,
and specific impulse is required when the amount of
propellant required is as low as possible.
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This paper describes a water-integrated propulsion
system that combines a water resistojet thruster and a
water ion thruster. The water resistojet thruster is an
electric propulsion system that obtains thrust by
evaporating water at room temperature and exhausting
vapor, and its simple structure makes it easy to have
multi-axis thrust. On the other hand, it has low specific
impulse and does not have a large orbit change
capability. A water ion thruster is a propulsion system
that provides thrust by generating water plasma and
accelerating ions using a high voltage of approximately
1.5 kV. By combining these two technologies, a
propulsion system that has both high orbit change
capability and multi-axis thrust can be realized.
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The water resistojet thruster uses a room temperature
evaporation developed at the University of Tokyo [1 4] . This method has the advantage of stable supply by
separating the gas-liquid separation section from the
heat-up section, and also has the advantage of easy
reuse of waste heat. A water ion thruster uses electron
resonance heating to generate water plasma. The
configuration, which eliminates the oxidation-sensitive
hollow cathode, enables operation using water.

been successfully downsized by integrating the source
and optimizing the circuitry.

The water-integrated propulsion system has been
selected by JAXA as the demonstration theme for the
Innovative Satellite Technology Demonstration No. 3
under the theme name "In-orbit demonstration of a
micro-integrated propulsion system using water as
propellant.) Pale Blue Inc., which is in charge of the
theme, is a start-up company established in April 2020
by researchers at the University of Tokyo, and is mainly
engaged in research and development of propulsion
systems for small satellites. This paper describes pewlight test results of the water-integrated propulsion
system to be installed in the Innovative Satellite
Technology Demonstration Flight No. 3.

An external camera will be installed on the propulsion
module to capture images of the high-speed emission of
ions and electrons into space when the ion thruster is
activated in orbit.

The ion thruster consists of an ion source and a
neutralizer, both of which generate plasma by
microwaves and emit ions or electrons. The design has
been modified to improve performance based on
previous research, and can achieve a specific impulse of
about 500 s and a thrust of 150 N.

INTEGRATED WATER PROPULSION SYSTEM
Overview
The overall system is shown in Figure 1 and Figure 2,
and the specifications of the propulsor module in Table
1. The propulsion system consists of one ion thruster
and four resistojet thrusters. The propellant supply
system and control unit are common. The following is
an overview of each element.

Figure 1 Flight model of the water integrated
propulsion system

Figure 4 shows a diagram of the flow control system
(MFCU: Mass Flow Control Unit). The flow control
system consists of a vaporizer and a regulator, both of
which are activated when the ion thruster is activated,
and only the vaporizer is activated when the resistojet is
activated. During ion thruster operation, the pressure in
the regulator is kept constant to maintain a mass flow
rate. The regulator system used for ion thruster
operation is based on that of the I-COUPS onboard
PROCYON, and the vaporizer system is based on that
of the AQUARIU onboard EQUULEUS or the
propulsion system onboard AQT-D, the ISS launch
satellite.

Camera

Resistojet thrusters
Neutralizer
Ion source
Resistojet thrusters

Figure 2 Schematic of the water integrated
propulsion system

The power processing unit (PPU) consists of three types
of direct current power supplies (screen power supply:
SPS, accelerator power supply: APS, and neutralizer
power supply: NPS) and a microwave power supply for
plasma generation. The power supplies use DCDC
converters, which have been used in the previous flightproven systems. The microwave power supply has also
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Table 1 Performance specifications

PRE-FLIGHT TESTING

KIR (Kakushin-3 water Ion thruster and
Resistojet thruster)

Direct Performance Measurement

Envelope

12.3 cm x 12.3 cm x 9.0 cm

Wet mass

1900 g

Propellant mass

1832 g

Propellant

Water

Supply voltage

28 V

As a part of the pre-flight testing campaign, the thrust
performance was directly measured. These tests were
conducted before and after each environmental test
such as vibration or shock test. Direct measurements of
performance were performed on the flight model by
operating it in a vacuum chamber. The test setup is
shown in Figure 1. Vacuuming was provided by a
rotary pump and a turbo molecular pump. A pendulumtype thrust stand was used to measure thrust [5]. Before
and after the operation, the thrust stand was calibrated
with a known load, and the displacement was measured
using a laser displacement sensor to investigate the
sensitivity of the thrust stand. The mass change of the
thruster was measured using an electronic balance
placed on the thrust stand. During resistojet thruster
operation, thrust measurement by the thrust stand and
mass measurement by the electronic balance were
performed simultaneously. In the case of the ion
thruster, both thrust and mass flow rate were low level
and difficult to measure directly. Thrust was, therefore,
calculated from screen current and mass flow rate was
calculated from regulator pressure using the results of a
long-time calibration test conducted separately. Serial
communication between the thruster and PC was used
to activate the actual telemetry command system.

Ion thruster
Number of thrusters

1

Thrust

150 N

Specific impulse

500 s

Resistojet thruster
Number of thrusters

4

Thrust

0.46 mN

Specific impulse

48 s

Camera
Number of cameras

1

PPU: Power
Processing Unit

To Spacecraft

RS422
28 V

Ion
Thruster

Resistojet
Thruster

Controller

Camera

Vacuum chamber
Propulsion system

Figure 3 System architecture
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Figure 5 Experimental setup for the direct
performance measurement
The result of thrust stand calibration was shown in
Figure 6. Loads were applied in the range of 1 mN to 8
mN, and the displacement measured at that time was
confirmed to have sufficient sensitivities for thrust
measurement.

IT: Ion Thruster
Valve

Thrust and mass profile examples during the water
resistojet operation were shown in Figure 7 and Figure

Figure 4 Fluid architecture
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8. An average thrust of 0.46 mN was obtained after
about 200 seconds of operation. The mass change was
195 mg. The specific impulse calculated from this
result was 48s.

1890.9

Weight [g]

Weight [g]

1890.85

Voltage, current and pressure profile examples during
the water ion thruster operation were shown in Figure 9,
Figure 10 and Figure 11.
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Figure 8 Mass profile of the water resistojet thruster
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Figure 6 Result of thrust stand calibration
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Figure 9 Voltage profiles of the water ion thruster
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Figure 7 Thrust profile of the water resistojet
thruster
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Figure 10 Current profiles of the water ion thruster
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Thermal Compatibility
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A temperature environment test was conducted on a
propellant-filled flight model. A temperature control
plate was installed in a vacuum chamber, and a thruster
was placed on the temperature control plate to change
the temperature of the thruster and to check the
functional integrity of the thruster at that time. The
temperature range was 4 degrees Celsius on the low
temperature side and 49 degrees Celsius on the high
temperature side. As a result, it was confirmed that the
thruster operated soundly under nominal operating
conditions.
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CONCLUSION

Figure 11 Pressure profile of the water ion thruster

This paper describes pre-flight testing results of a
water-integrated propulsion system. By integrating two
types of small propulsion devices, a high specific
impulse ion thruster and a high thrust resistojet thruster,
into a single system module while using water as the
common propellant, it is possible to meet all propulsion
requirements in orbit and is expected to contribute to
the expansion of the business potential of the small
satellite constellation.

Vibration and Shock Tests
Random and sinusoidal vibration tests and shock test
were conducted on a propellant-filled flight model in
three axes. Test conditions were performed to meet
JAXA requirements. The appearance of the test system
is shown in Figure 12 and Figure 13. An electrical test
(function check) was performed before and after each
vibration test to confirm the health of the thruster.
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Figure 12 Vibration test setup

Figure 13 Shock test setup
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